Abstract. The present study aimed to investigate the clinical and radiological characteristics in addition to the bronchoscopic appearance in patients with endobronchial aspergilloma (EBA). Clinical and radiological characteristics were analyzed alongside the bronchoscopic appearance in 17 patients with EBA diagnosed by bronchoscopy with histological examination. The present study assessed the relevant literature and 13 males and 4 females were included in the comparison, with a median age of 59. Associated diseases included 8 previous diagnoses of pulmonary tuberculosis (47.6%), 4 previous diagnoses lung cancer (23.5%), 1 pulmonary resection (5.9%) and 1 bronchial foreign body (5.9%). The primary symptom was hemoptysis (9/17, 53%). Chest computed tomography (CT) indicated a markedly higher incidence of aspergillosis lesion in the left lung (13/17; 76.5%) compared with the right lung (4/17; 23.5%). CT manifestation included space occupying disease in 10 patients (58.8%), aspergilloma in 3 patients (17.6%), pneumonic consolidation in 2 patients (11.8%) and ground glass opacity in 1 patient (5.9%). Bronchoscopy examination identified masses in all 17 patients' bronchial lumen and 15 patients had endobronchial obstruction by necrotic material. The case presented in the current study demonstrated the merits of combining bronchosopic intervention with voriconazole. The dominant symptom of EBA was hemoptysis. Chest CT demonstrated that aspergillosis lesions were more frequently identified in the left lung compared with the right. EBA often occurs in individuals with underlying lung diseases, which cause lumen structural change or bronchial obstruction. EBA may be clearly diagnosed by bronchoscopy biopsy, although the potential for a co-exististing tumor requires consideration. Bronchoscopic intervention and anti-fungal therapy may have an advantage in the effective treatment of patients with EBA.
Introduction
Aspergillus spp. are a ubiquitous fungus in the environment, which are easily identified in soil, water and various types of decomposing organic matter (1) . Inhalation of Aspergillus spores causes pulmonary aspergillosis, which is the most common form of aspergillus filamentous fungal infection, and is often diagnosed in patients with immune deficiencies or systemic diseases (2) . Aspergillosis is currently divided into the following categories (3): i) Invasive pulmonary aspergillosis (IPA), a severe disease and major cause of mortality in severely immunocompromised patients; ii) chronic necrotizing aspergillosis (CNA), presents as a locally invasive disease and is observed primarily in patients who are mildly immunocompromised or have chronic lung disease; and iii) allergic bronchopulmonary aspergillosis (ABPA), a non-invasive hypersensitivity pulmonary disease caused by Aspergillus. Aspergilloma is a fungus ball that develops in a pre-existing cavity in lung parenchyma, which may be easily detected by X-ray and computed tomography (CT) scans (3) . In addition, a novel category of aspergillosis with semi-invasive form (SIA) has been described (4). Endobronchial aspergilloma (EBA) is a rare disease, described as a massive non-invasive overgrowth of the aspergillus species in bronchial lumen, causing space-occupying lesions (5, 6) . It is often incidentally diagnosed during bronchoscopy to evaluate the cause of hemoptysis (5, 6) , and may be considered as another form of pulmonary aspergillosis. At present, there are very few reports regarding the characteristics of EBA. The present study aimed to investigate the clinical and radiological characteristics in addition to the bronchoscopic appearance in patients with EBA through a representative case from Shanghai Pulmonary Hospital affiliated to Tongji University (Shanghai, China) and a review of the current literature.
Case report
Study design. The present study reports a case of EBA with no prior treatment that was diagnosed at Shanghai Pulmonary Hospital affiliated to Tongji University, informed consent was also obtained from the patient. A retrospective analysis of the clinical and radiological characteristics and bronchoscopic results was also completed by combining this case with 16 other previously reported EBA cases (5-10). All patients we subjected to a chest CT, bronchoscopy and histological examination. The tissue used for histological examination was obtained via bronchoscopy biopsy of the mass in the trachea, avoiding necrotic tissue or secondary infection areas, with a volume of at least 0.5x0.5x0.2 cm and had a fresh non-necrotic color. The tissue was fixed using 10% neutral formaldehyde for 24 h at room temperature, routinely selected, embedded, sliced in continuous sections with a thickness of 4 µm and hematoxylin-eosin (HE) stained. The test results and basic clinical data were collected. Primary evidence to confirm EBA were as follows: i) Presence of bronchoscopy-visible intraluminal mass and necrotic tissue; ii) characteristic appearance of Aspergillus species under microscopic examination, such as septate fun gal hyphae bearing acute branching angles; iii) positive result of Aspergillus culture; and iv) following the elimination of other possibilities, such as tumors, foreign bodies, parasites or mucus by evaluating the patient's personal history, performing bronchoscopy and pathology examinations.
Representative case.
A 48-year-old male was admitted to Shanghai Pulmonary Hospital affiliated to Tongji University due to a recurrent fever, cough, expectoration and bloody sputum lasting 3 months. The patient had a 20-year history of smoking, and a 4-year history of diabetes and was undergoing diet therapy. On admission, he presented with normal vital signs. Physical examination of the chest revealed no evident crackles or wheezing. Complete blood count results were normal. Routine blood chemistry and tumor markers were all within normal limits. Mycodextranase and latex agglutination tests from the blood were negative. Human immunodeficiency virus antibody test was negative. Chemical luminescence of syphilis test was negative.
An intial CT scan of the chest revealed a spiculated mass with exudation in the left lower lobe (Fig. 1) . 18 F-deoxyglucose (FDG) dual-head coincidence single-photon emission computerized tomography (DHTC) indicated that the maximum tumor to non-tumor ratio was 11.63 and therefore, the possibility of lung cancer was not eliminated (Fig. 2) . Initial fiberoptic bronchoscopy (FOB) examination (11) revealed a white necrotic mass in the medial anterior basal segment of left lower lobe, which completely obstructed the subsegmental bronchus (Fig. 3) . Removal of the mass was attempted but was not successful as it was impacted in the narrow lumen. Notably, histopathological examination performed using HE staining of the bronchoscopic biopsied specimen was indicated to be negative. FOB was performed a second time 2 days later and a purulent material partially obstructing the lumen was identified at the same site. The lumen was finally unblocked following repetitive clearing of the necrotic material and sputum aspiration. The clearing work performed with a BF-1T260 bendable bronchoscopy (Olympus, Ishikawa, Japan) and biopsy forceps (Aohua, Shanghai, China), to cut and remove the tissue, 10 min a time for a total of 3 times. Histopathological examination of the bronchoscopic biopsied specimen indicated the presence of necrotic tissue and Aspergillus. Periodic acid-Schiff staining was performed and samples were exposed to 0.5% periodic acid for 5 min, Schiffs' reagent for 15 min and then washed twice using 0.5% sodium metabisulfite for 1 min each time before bright green staining was performed for 10 sec at room temperature. Furthermore, hexamine silver staining was conducted and samples were stained using silver solution for 1.5 h at 65˚C first, then exposed to 0.25% chloride for 2 min, 3% sodium thiosulfate for 1 min and 0.1% bright green staining for 1 min at room temperature. Periodic acid-Schiff and hexamine silver staining results were positive (Fig. 4) . The patient was then treated with oral voriconazole (Pfizer, New York, United States) 200 mg once a day for 1 month. The lumen was reassessed with the bronchoscope and was observed to be completely unobstructed (Fig. 5) . A repeat chest CT demonstrated that the left lung lesion was largely absorbed (Fig. 6 ). In addition, the patient's symptoms were noticeably relieved, no fever was observed, bloody sputum was no longer observed 3 days post interventional therapy. Complete blood count and routine blood chemistry markers were maintained at normal levels.
Literature comparison.
By combining the present case with similar cases identified in the literature, a retrospective analysis of the clinical and radiological characteristics in addition to the bronchoscopic appearance was performed. The key word 'endobronchial aspergilloma' was searched in the PubMed NCBI database (ncbi.nlm.nih.gov/pubmed?holding=icnsibslib), by excluding cases without histopathological confirmation and 18 F-deoxyglucose dual-head coincidence single-photon emission computerized tomography scan indicated that the maximum tumor/non-tumor was 11.63 and therefore, lung cancer should not be excluded. simple Aspergilloma. In total, 17 patients meeting the EBA diagnosis criteria were included (including the case reported in the current study). The number of males (13/17; 76.5%) was notably higher, compared with women (4/17; 23.5%), and ages ranged from 33 to 82 years old (median age, 59). Of the 17 patients, 9 (52.9%) were smokers. Diagnoses of previous lung diseases included pulmonary tuberculosis (n=8; 47.6%), lung cancer (n=4; 23.5%), pulmonary resection (early stage lung cancer; n=1; 5.9%) and foreign body of the right main bronchus (n=1; 5.9%). Notably, 2 patients had previously been diagnosed with endobronchial lung cancer covered by aspergillosis (patients 13 and 14). A total of 8 patients had non-pulmonary comorbidities, including dilated cardiomyopathy (n=1), primary thrombocytosis (n=1), intracerebral hemorrhage (n=1), chronic heart failure (n=2), subarachnoid hemorrhage (n=1), hypertension (n=1), rheumatoid arthritis (n=1), hepatichemangima (n=1) and diabetes (n=4). None of the patients exhibited evidence of severe immune deficiency. Primary clinical symptoms were hemoptysis (9/17; 53%), cough (7/17; 41.2%) and dyspnea (3/17; 17.6%). Microbiology examination was performed in the bronchial lavage fluid of 12 patients, among whom only 2 exhibited aspergilloma, and 5 patients were treated with antifungal drugs (unknown) but the treatment response was not clear, with the exception for the present patient. Clinical characteristics of the 17 patients with EBA are summarized in Table I. X-ray examination was performed for 13 patients, and all but 1 exhibited abnormal manifestations. The abnormal region was most often in the upper lobe (9/13; 69.2%), than in the left (8/13; 61.5%). Primary manifestations were pulmonary fibrotic changes along with lung volume loss, similar to old pulmonary tuberculosis. Mass or nodular shadows were also detected as presentations.
CT scanning indicated that Aspergillus lesions were more likely to be identified in the left lung (13/17; 76.5%) than in the right (4/17; 23.5%). Lesions were most common in the left upper lobe (6/17; 35.3%) and left lower lobe (6/17; 35.3%) on the CT scan. The types of Aspergillus identified by chest CT included: Space-occupying lesions (n=10; 58.8%), aspergilloma (n=3; 17.6%), pneumonic consolidation (n=2; 11.8%), and ground glass opacity (n=1; 5.9%). CT results indicated a mass with a multi-lobulated contour in 3 patients (patients 1, 10 and 15), and an endobronchial lesion, such as a foreign body or broncholithiasis, was suspected in 4 patients (patients 2, 8, 16 and 17). Multiple calcified nodules and fibrotic changes as sequelae of previous pulmonary tuberculosis were noted in 6 patients (patients 4-9).
Bronchoscopy examination identified a mass in the bronchial lumen of all 17 patients and 15 patients presented with endobronchial obstruction by necrotic material. The abnormal regions under bronchoscopy were consistent with the CT locations. Table II summarizes the radiological characteristics and the bronchoscopic appearance in 17 patients with EBA.
Discussion
Aspergilloma often occurs in lung parenchyma or the lung cavity (12) . EBA is a rare space-occupying disease of the endobronchial fungi, and it may not belong to the current classification of Aspergillus spp. (IPA, CNA, ABPA and SIA). It is a substantive or cavitary lesion caused by an overgrowth of aspergilloma with a non-invasive form in endobronchial areas through inhalation and fumigation, which is always limited to the main bronchus (13) . EBA may present either as the sole manifestation of pulmonary aspergillosis or with other forms of pulmonary aspergillosis. CNA and ABPA may be associated with the EBA or the visible aspergilloma inside the lung cavity, demonstrated by bronchoscopy. Among 10 cases of EBA reported by Ma et al (6), 2 patients had lung parenchymal lesions with EBA in the lung cavity.
It is not easy to directly diagnose EBA by imaging or other noninvasive tests. In the present study, all patients were diagnosed incidentally when having a bronchoscopy and this was confirmed by histological examination and culture. Only 3 patients were suspected to have Aspergillus on the basis of CT results.
Hemoptysis (9/17; 53%) and cough (7/17; 41.2%) were the most common symptoms of EBA, and hemoptysis specifically, may be a result of the Aspergillus colonization, which makes the diagnosis via FOB important (6) . The current study suggested the detection rate of the microbiology examination using bronchial lavage fluid was low (16.7%); therefore, the latter consistent with aspergillus.
histopathological examination was required. None of the 17 cases were reported to have exhibited complications or adverse effect following biopsy. Impaired immune function and certain comorbidities, such as active tuberculosis or diabetes, are important factors for fungal infection. Although there were no reports regarding the patients' immune status in the current study, it was revealed that of the 17 patients, 12 (70.6%) had previously been diagnosed with lung diseases, including pulmonary tuberculosis and lung cancer, and 8 patients (47.6%) had non-pulmonary comorbidities, such as dilated cardiomyopathy, essential thrombocytosis, cerebro vascular accident, hypertension and diabetes.
In patients with normal immune function, the formation of aspergilloma was considered to require a nest structural change that induces the airflow stasis, which helps Aspergillus in the airflow to colo nize (6) . In the present study, 8 patients with old pulmonary tuberculosis were included, and they exhibited destructive and fibrotic changes of the parenchyma, which potentially resulted in airway stenosis and obstruction. In addition, the majority of those who had no history of tuberculosis presented with a narrow or completely blocked lumen caused by lung cancer, lung resection, foreign bodies or granulation tissue, which was confirmed through imaging and bronchoscopy. Therefore, this change of the bronchial lumen may be considered to be an important factor to potentially induce airflow stasis and Aspergillosis colo nization in bronchioles, in addition to the formation of aspergilloma. Lesions were also identified in the left lung more often than in the right, and it is suggested that this is because the left lung is anatomically closer to the heart and aorta. In addition, the left main bronchus is longer and narrower than the right side, thus it is easier to induce airflow stasis in the bronchioles of the left lung, causing EBA (13) .
Notably, in the present study, 4 patients had lung cancer, of which 1 underwent surgery, 1 was affected by aspergillus (6) , and the other 2 reported by Nilsson et al (7) had endobronchial tumor covered by aspergilloma. In Nilsson's report, the fungal hyphae were identified via histopathology and the patients were subsequently treated with anti-fungal drugs (unknown). However, in both the reported cases, the mass kept growing and finally the tumor was identified through further biopsy. There was no clear evidence to link Aspergillus and cancer development in the literature (7) and it is rarely reported that fungal infection may co-exist with solid types of cancer in immunocompetent patients (14, 15) . Malignant tumor may be a factor for local fungal infection including EBA.
The optimal treatment of EBA has not yet been established. The short-term follow-up in the current study confirmed that through interventional treatment using bronchoscopy and systemic antifungal therapy, the prognosis of EBA is excellent. Nevertheless, Jung et al (8) argued that for clinically asymptomatic patients, there is no requirement for treatment, and in cases of mild hemoptysis such as in the present patient's case, medical therapy with bed rest, humidified oxygen, cough suppressants and postural drainage is sufficient (8) . To the best of our knowledge, there is no consistent evidence that aspergilloma responds to systemic administration of antifungal agents (12) . In certain reports, surgical treatment was a good alternative (16) (17) (18) , but the pulmonary function and tolerance of patients should be considered. It is suggested that Table II. Continued. No. segmental bronchial orifice at the left lower lobe, the mass was movable.
CT, computer tomography; LUL, left upper lobe; RBI, right bronchus intermedius; RUL, right upper lobe; TB, tuberculosis; GGO, ground glass opacity; LLL, left lower lobe; RML, right middle lobe.
selecting appropriate treatments according to different conditions of patients is reasonable, and the combination of direct bronchoscopic intervention with antifungal therapy may be advantageous.
In conclusion, the dominant symptom for EBA was identified to be hemoptysis in the present analysis. Chest CT demonstrated that aspergillosis lesions were more frequently identified in the left lung compared with the right. It was also revealed that endobronchial aspergilloma often occurs in individuals with comorbidities that may potentially impair immune function and underlying lung diseases that cause lumen structural change or bronchial obstruction. Previous studies have provided sufficient evidence that endobronchial aspergilloma may be clearly diagnosed by bronchoscopy biopsy, but the potential for the co-exististing of tumors requires consideration (5-10). Finally, based on clinical experience, the combination of bronchosopic intervention and anti-fungal therapy may be an effective treatment for patients with EBA.
